Background: Diazinon is among the most prevalently used broad-spectrum organophosphates insecticides. Diazinon toxicity depends on its blood concentration. The current study aimed to extract and determine diazinon in plasma samples using a new Nebulizer -Assisted Liquid-Phase Microextraction followed by High-Performance Liquid Chromatography with Diode-Array Detection (NALPME-HPLC-DAD).
Introduction
rganophosphates (OPs) are widely used as pesticides in the world, and their acute poisoning remains a major public health concern among developing countries. Due to their toxicity and complications, OPs poisoning has imposed a necessary medical burden on healthcare systems [1, 2] . In these countries, because of feasible access (due to improper legal restrictions), OPs are considered as a significant cause of self-poisoning [3] [4] [5] . Therefore, OPs poisoning is considered as a major cause of morbidity and mortality in clinical and forensic toxicology [5] [6] [7] .
Diazinon is among the most frequently used broadspectrum OPs insecticides worldwide [4] . The primary action mechanism of diazinon in acute poisoning is the irreversible inhibition of acetylcholinesterase activity in blood and the nervous system [8] . However, diazinon toxicity is directly proportional to its concentration in blood and tissues. Accordingly, determining diazinon in biological fluids in acute poisoning cases is the major issue in clinical and forensic toxicology [7, 9] . Several analytical methods have been demonstrated for diazinon analysis in biosamples for clinical and forensic toxicological settings [10] [11] [12] [13] . For example, Park et al. developed a Solid-Phase Extraction (SPE) and Gas Chromatography/Mass Spectrometry (GC/MS) for analyzing diazinon, chlorpyrifos, malathion, and parathion in postmortem blood samples [10] .
Moreover, in another study, a High-Performance Liquid Chromatography with Diode-Array Detector (HPLC-DAD) has been developed for measuring 11 organophosphorus pesticides, including diazinon in the serum and urine of acute poisoning cases [12] . In this method, after serum deproteinization by acetonitrile, an aliquot of the samples was injected into HPLC column using acetonitrile-water as a mobile phase [12] . Validated liquid chromatography with tandem MS method for simultaneous screening of 215 pesticide types, including diazinon, has been established for general unknown screening for pesticides in blood and gastric contents in forensic toxicology setting [13] . In this study, the samples were prepared by the modified Quick, Easy, Cheap, Effective, Rugged, and Safe (QuEChERS) method. A modified QuEChERS that uses dispersive solidphase extraction for a small amount of sample was applied for quick and convenient sample preparation [13] .
The development of simple, fast, low-cost, user-and environment-friendly sample preparation methods is a crucial concern in analytical chemistry and toxicology. The miniaturization of conventional liquid-liquid extraction methods by reducing the acceptor-to-donor ratio was recently encouraged [14] . In Liquid-Phase Micro Extraction (LPME), extraction with a small volume of a water-immiscible solvent from a water-based sample containing analytes (donor phase) has been developed. LPME can be divided into three main classes, including Single-Drop Micro Extraction (SDME), Dispersive Liquid-Liquid Micro Extraction (DLLME), and Hollow-Fiber Micro Extraction (HF-LPME) [14] . DLLME is a primary LPME technique; it is a simple, inexpensive, and environment-friendly extraction method. Furthermore, it has advantages like a high enrichment factor due to the large contact surface area of the extraction solvent, and low usage of toxic organic solvent [15, 16] . DLLME is suitable for extracting various water-based samples using low-density and highdensity extraction solvents. Applying less toxic solvents and more conveniently practical procedures are suggested in DLLME. Numerous novel and special devices for collecting low-density extraction solvent are also used. In addition, various dispersion techniques, such as air-assisted, ultrasound-assisted, vortex-assisted, surfactant-assisted, and microwave-assisted DLLME are developed. Combining DLLME with other extraction techniques (e.g. solid-phase extraction and nano techniques) are also introduced [17] . The main disadvantage of DLLME is the lack of selective extraction technique and the presence of matrix interferences co-extractives, especially in complex matrix samples [14] .
Several parameters, including the type and volume of extracting and disperser solvent, pH, and salt amount impact the efficiency of extraction method; the optimization of these factors is the best extraction method of the analytes from the samples [18] . Selecting suitable parameters via trial and error is time-consuming, from which the optimal parameter settings may not be readily obtained. Therefore, evaluating statistical models and experimental designs is effective for the optimization of methods. A Plackett-Burman design, as well as a Central Composite Design (CCD) were used to identify the optimum conditions required for the analysis during method development [19] [20] [21] .
The present study aimed to introduce a fast, simple, and novel nebulizer-assisted liquid-phase microextraction, followed by HPLC-DAD (NALPME-HPLC-DAD) for the extraction and determination of diazinon in human plasma samples for routine analysis in clinical and forensic toxicology laboratories.
Materials and Methods
HPLC-grade methanol, acetonitrile, water, toluene, chloroform, and dichloromethane were obtained from Merck (Darmusdat, Germany). HPLC-grade standard materials of diazinon, pirimiphos-methyl, azinphosethyl, and chlorpyrifos were purchased from Dr. Ehrenstofer GmbH (Augsburg, Germany). All other chemicals and reagents were of analytical grade and purchased from Merck (Darmstadt, Germany). Nitrogen gas (pu-rity=99.9% ) was obtained from Roham Gas Company (Tehran, Iran). The stock solution of diazinon (100 µg/ mL) was prepared by methanol and stored at 4°C.
The HPLC system (Smartline Series 1200, Knauer, Berlin, Germany) consisted of a Knauer 1050 HPLC pump at a flow rate of 1 mL/min and a diode -array detector (K-2800, Knauer, Germany). Moreover, ChromGate software (version 3.3.2., Knauer, Germany) was used for data analysis. The chromatography was isocratically performed on a Nucleosil® C18 analytical column (250 mm×4.6mm ID, 5μm particle size, Perfectsil Target ® ). An RP-18 guard column was fitted at the upstream of the analytical column. The mobile phase was a mixture of acetonitrile/phosphate buffer pH 2.3 (63:37 v/v).
The standard solutions were prepared by the serial dilution of diazinon stock solution (100 g/mL) in the range of 0.5, 1.0, 1.5, 2, 2.5, 3, and 4 g/mL. Stock solution (2.5 g/mL) of pirimiphos-methyl (I.S) in methanol was prepared and stored at −20 o c. The stock and standard solutions were prepared daily and stored in the dark at 4 o C. All solutions were used on the day they were prepared.
Blank plasma samples (drug-free) were provided by healthy volunteers in our laboratory. The plasma samples were kept frozen at −20•C before the analysis. Ten μL of pirimiphos-methyl (internal standard, IS) (2.5 μg/ mL) was added to each sample and vortexed; then, 100 μL Sodium Lauryl Sulfate (SLS) (2.8%, w/v) and 100 μL sodium chloride (1.5%, w/v) were added to the glass tubes containing 1mL blank plasma and 2mL phosphate buffer with pH 8.1. The final solution was subjected to the NALPME process.
NALPME procedure
In this method, we used a nitrogen gas nebulizer device for dispersing the mixture. In total, 314 μL toluene (extracting solvent) was rapidly injected using a microsyringe (Hamilton, Reno, NV, USA) to a conical test tube containing a plasma sample. It resulted in the fine droplets of toluene to form a cloudy solution. Next, the test tube contents were transferred into a second test tube by nebulizer, in a few seconds and a stable cloudy emulsion has been formed ( Figure 1 ). The analytes were extracted into the fine droplets of toluene. After centrifugation (15 min at 3500 rpm), the supernatant was transferred entirely into a clean conical test tube using a microsyringe; after drying by the solvent evaporation under nitrogen stream, the residue was dissolved in 20 μL of HPLC mobile phase and injected into the HPLC.
The optimization of NALPME procedure
The type and volume of the extracting solvent, the amounts of salt and surfactant, pH, sonication, and nebulizing conditions were evaluated. Plackett-Burman design was used in preliminary experiments to screen the most appropriate parameters (Table 1 ). Furthermore, three-dimensional response surface and contour plots were drawn. In this study, the 4-factor-2-level Central Composite Design (CCD) [each numeric factor varies over 5 levels: plus and minus alpha (axial points), plus and minus (factorial points), and the center point; and if categorical factors are added, the CCD will be duplicated for every combination of the categorical factor levels] was employed to draw response-surface graphs. This process helped to determine the optimal conditions and investigate parabolic interactions between the parameters; the volume of extraction solvent (toluene), salt percentage (NaCl), surfactant percentage (SLS), and pH. This design permitted the response-surface to be modeled by fitting a second-order polynomial with the number of experiments equal to 21, to be executed as per CCD design. The experiments were executed according to the design listed in Table 4 , and the measured responses are presented in the same table.
HPLC method validation
The parameters considered for the validation included the following: linearity, precision, accuracy, limits of detection and quantification, and selectivity [21] .
The calibration curves were constructed with 7 concentrations ranging from 0.5 to 4 μg/mL of diazinon. Each concentration level was prepared in triplicate and analyzed three times. Calibration curves were constructed by plotting the concentration of analyte versus peak area response. The linearity was evaluated by the least square regression method.
The Limit Of Detection (LOD) and Limit Of Quantification (LOQ) were calculated according to LOD=3.3 /S and LOQ=10 /S; where is the standard deviation of the response, and S is the slope of the calibration curve.
The method precision was determined by repeatability (intra-day) and intermediate precision (inter-day), and it was expressed as Relative Standard Deviation (RSD). Five replicate injections of the standard solutions of diazinon were prepared at concentrations ranging from 0.5 to 4 μg/mL. The intra-day variation was assessed by the same analyst over a day, while inter-day precision was carried out for three consecutive days.
The accuracy of the method was tested by 5 replicates of three different samples of diazinon at known concentrations; then, it was compared with its right concentration. The accuracy was assessed by the recovery percentage.
The selectivity was evaluated by comparing the chromatograms of different batches of blank plasma spiked with diazinon, IS, tramadol, azinphos-ethyl, pirimiphosmethyl, and chlorpyrifos (2 µg/mL).
Design Expert (Stat-Ease Inc., Minneapolis, MN, USA) software was used for the regression and graphical examination of the experimental results.
Results
The variables of extraction efficiency were selected based on preliminary experiments on the distinct responses of the variables to achieve maximum recovery. The 9 factors (extraction variables), the levels, and experimental designs are listed in Table 1 . The sonication, type, and volume of dispersive solvents negatively affected the maximum recovery. The other parameters positively impacted the recovery and were selected for further optimization (P<0.05) (Table 2, Figure 2 ). Toluene (as extracting solvent) was selected for examination; because it positively affected all variables, and it was fixed to experiments.
The analyzing response-surface plots indicated the effects of the parameters on the maximum recovery. In CCD design, 5 levels were coded ( -α,-1, 0,+1,+α). Center points were coded as 0 and -used to estimate pure error; factorial levels were coded as ±1, and axial points/ star points were coded as ±α. The range of the independent variables used in this study in terms of actual and coded values is summarized in Table 3 . The maximum diazinon recovery was obtained with 21 experiments for 4 factorial designs at 5 levels and 5 replicated points. The actual value and statistically predicted diazinon concentration for experiments are presented in Table 4 . The mathematical model was as follows: observed in Table 5 . The significance of each coefficient was determined by F-values (variation of data from mean value) and P-values (probability). F-values and P-values were high and very low, respectively ( Table 5 ).
Discussion
The obtained results suggested that the model appropriately predicted the experimental result. Low P-values of the linear and quadratic terms were observed for salt concentration, surfactants concentration, and pH. The extraction volume of the solvent had a valid correlation with these parameters. In addition, the values of the interaction effect of the variables were significant. The correctness of the model was also ensured by the multiple correlation coefficients (R2). The R2-values varied from 0 to 1, and when R2 value was quite close to 1, the predicted value was relatively close to the actual value. In other words, the model definitely predicted the actual value and the response was excellent. The correlation coefficient (R2) was calculated as 0.9928, even less than 1% of the total variation, which cannot be expressed by the regression model. The predicted multiple correlation coefficient (Pred. R2=0.9642) was in reasonable agreement with the adjusted multiple correlation coefficient (Adj. R2=0.9839).
Additionally, the coefficient of variance (CV=1.89%) was low, which indicates the significant precision and reliability of the obtained experimental data. Adequate precision measures the signal/noise ratio. A ratio ˃4 is demanded. Adequate precision was equal to 34.25, indicating that the model could be used to navigate the design space. The relation of the diazinon recovery and the independent variables were demonstrated by a three-dimensional response surface diagram. In each 3D curve, the effects of two factors on diazinon recovery are shown, maintaining the other variable constant at zero levels. Figures 3 and 4 indicate the relationship between the extraction solvent volume and salt concentration; the extraction solvent volume, pH, and salt concentration influenced the diazinon recovery. The standard calibration curves for diazinon were linear with the concentration range of 0.5-4 µg/mL, yielding a regression equation Y= 0.951X-0.024 with a correlation coefficient of 0.9992. This is generally considered as the evidence of an acceptable fit of the data to the regression line and indicating appropriate linearity over the concentration range ( Figure 5 ).
The obtained results revealed that the LOD and LOQ for diazinon, using this method, were 0.123 µg/mL and 0.372 µg/mL, respectively.
Precision for the quality controls in the intra-day and inter-day run are listed in Table 6 . These data indicated that the developed method is accurate, reliable, and reproducible. The achieved results were expressed as percent recoveries obtained for different diazinon concentrations. Table 6 indicates that the percent recoveries with RSDs comply with the proposed acceptance criteria.
Selectivity is expressed as the capability of a method to distinguish the analyte from all potentially interfering substances. The method selectivity was evaluated by analyzing pools of blank plasma samples to investi- Figure 6 ). Table 7 summarizes the comparison of the proposed method for the determination of diazinon in plasma samples by the NALPME-HPLC-PDA with previous methods. The LOD, r2, and the recovery of the present method are suitable, compared with previous methods.
Conclusion
The present study aimed to develop a fast, selective, and efficient method for the extraction and determination of diazinon from human plasma samples. The NALPME was successfully applied to the rapid and efficient extraction of diazinon before analysis by high-performance liquid chromatography. To achieve maximum extraction efficiency, valid parameters were optimized by the experimental design. The proposed NALPME-HPLC-DAD method is accurate, precise, sensitive, and of reasonable linearity; thus, it can be a preferred method for analyzing diazinon in the plasma samples of acute poisoning patients in clinical and forensic toxicology.
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